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$\frac{\partial u}{\partial t}+(u\cdot\nabla)u=-\frac{\nabla p}{\rho_{air}}+\nu\nabla^{2}u+f_{IB}$ , (la)








$5\cross 10^{-1}m$ ( $e_{y}$
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$\theta=(x_{t}, \phi_{t}, \phi_{a}, \phi_{1}, \phi_{r})\in \mathbb{R}^{15}$
$\dot{\theta}$
$x_{t}$
$\phi_{t}$ 1-2-3 $\phi_{a},$ $\phi_{1},$ $\phi_{r}$
1-3-2
$x_{t}=(x_{t}, y_{t}, 0),$ $\phi_{t}=(0, \theta_{t}, 0),$ $\phi_{a}=(0,0, -\theta_{a})$ ,






$M \ddot{\theta}+\dot{M}\dot{\theta}-\frac{1}{2}\frac{\partial}{\partial\theta}(\dot{\theta}M\dot{\theta})+\frac{\partial V}{\partial\theta}=\tau_{air}+\tau_{cont}$ (2)







$\tau_{air}$ : $\tau_{c}$ $nt$
1
$\theta$ $\theta_{1}=(x_{t}, \theta_{t})$ $\theta_{2}=(\phi_{a}, \phi_{1}, \phi_{r})$
$\theta_{2}$
1 2 (2)
$(\begin{array}{ll}M_{11} M_{12}M_{21} M_{22}\end{array})(\begin{array}{l}.\theta_{1}.\cdot\theta_{2}\end{array})+(\begin{array}{l}h_{1}h_{2}\end{array})=(\begin{array}{l}\tau_{cont1}\tau_{cont2}\end{array})$, (3)
$h=(h_{1}, h_{2})= \dot{M}\dot{\theta}-\frac{1}{2}\frac{\partial}{\partial\theta}(\dot{\theta}M\dot{\theta})+\frac{\partial V}{\partial\theta}-\tau_{air}.$
$\tau_{cont1}=0$
$\ddot{\theta}_{1}=-M_{11}^{-1}(M_{12}\ddot{\theta}_{2}+h_{1})$ . (4)
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2: $Q$ $Q=1.5\cross 10^{4}s^{-2}$ . ( ) ( )
Brodsky[2] “chain of vortices”
$t=T/4$




















0. $8$ $\overline{\frac{\underline{\varpi\varpi}}{\triangleleft\frac {}{}c\infty\omega}}$
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